The incretin hormones glucagon-like peptide-1 (GLP1) and glucose-dependent insulinotropic polypeptide (GIP) are secreted from intestinal endocrine cells, the so-called L-and K-cells. The cells are derived from a common precursor and are highly related, and co-expression of the two hormones in so-called L/K-cells has been reported. To investigate the relationship between the GLP1-and GIP-producing cells more closely, we generated a transgenic mouse model expressing a fluorescent marker in GIP-positive cells. In combination with a mouse strain with fluorescent GLP1 cells, we were able to estimate the overlap between the two cell types. Furthermore, we used primary cultured intestinal cells and isolated perfused mouse intestine to measure the secretion of GIP and GLP1 in response to different stimuli. Overlapping GLP1 and GIP cells were rare (w5%). KCl, glucose and forskolinCIBMX increased the secretion of both GLP1 and GIP, whereas bombesin/ neuromedin C only stimulated GLP1 secretion. Expression analysis showed high expression of the bombesin 2 receptor in GLP1 positive cells, but no expression in GIP-positive cells. These data indicate both expressional and functional differences between the GLP1-producing 'L-cell' and the GIP-producing 'K-cell'.
Introduction
. In addition, immunohistochemical studies have indicated that there may be co-localisation of the two hormones in endocrine cells of the proximal gut (Mortensen et al. 2003 , Theodorakis et al. 2006 , and cells isolated on the basis of their production of one of the hormones often show co-expression of the other hormones (Egerod et al. 2012 , Sykaras et al. 2014 . Furthermore, a transgenic mouse model with diphtheria toxin-induced knockdown of proglucagonproducing cells showed reduced number of GLP1 positive as well as GIP positive cells (Egerod et al. 2012) . Comparisons of expression profiles have indicated that proximal L-cells (defined as cells producing proglucagonderived peptides) are more similar to K-cells than to the distal L-cells . On the other hand, another study showed that knocking down proglucagonproducing cells with diphtheria toxin in transgenic mice resulted in decreased expression of proglucagon, cholecystokinin (CCK), neurotensin and peptide YY (PYY), but no change in GIP expression. Likewise, knockdown of proGIP did not decrease GLP1 expression . Furthermore, a recent immunohistochemical study in rats showed co-localisation of GIP and GLP1 in only w10% of GLP1-producing cells (Svendsen et al. 2015) . Previous studies employing several experimental models including single K-and L-cells have shown that the hormones are secreted in response, for example, to glucose, which after entry via the sodium-glucose transporter-1 results in membrane depolarization and exocytosis secondary to calcium influx in both cell types (Reimann et al. 2008 , Parker et al. 2009 . Other studies have shown that stimuli activating the cAMP system may also result in both GLP1 and GIP secretion (Simpson et al. 2007 , Moss et al. 2012 , Hauge et al. 2014 , Svendsen et al. 2015 .
In order to further investigate the relationship between GLP1-and GIP-secreting cells, we now decided to investigate colocalization using transgenic mice in which GIP and GLP1 cells express different fluorescent markers. In addition, we used several experimental models to investigate the presence or absence of co-secretion of the two hormones, including single cells isolated from transgenic mice in which GLP1-and GIP-producing cells can be identified on the basis of their expression of cell markers under the control of the proGIP or proglucagon promoters, as well as isolated intestinal crypts and isolated perfused proximal mouse small intestine. Mice were chosen to allow comparisons between the models. If the chosen stimuli invariably stimulated the secretion of both hormones, this would provide a strong support for a functional similarity and developmental relationship between K-and L-cells. It could arise by simultaneous secretion from two separate cell types, or might suggest some degree of co-expression of either hormone from two otherwise distinct cell-types, or even from a distinct celltype showing co-expression of both hormones, a so-called K/L cell (Theodorakis et al. 2006) . The stimuli we used included bombesin, neuromedin C, KCl, glucose and forskolinC3-isobutyl-1-methylxanthine (IBMX). Because the results suggested differential responses to bombesin and neuromedin C, we mapped the expression of bombesin (BB) receptors (1-3) in single cells isolated on the basis of fluorescent markers expressed under the control of GLP1 or GIP promoters ).
Materials and methods

Primary small intestinal crypt culture
All animal procedures were approved by local ethical review committees and conformed to UK Home Office regulations. Three-to six-month-old C57B6 male and female mice weighing 25-30 g were used in the study. They were housed in groups of 3-5/cage in a SPFmaintained facility and had ad libitum access to food and drinking water. Small intestinal crypts were isolated and cultured as previously described (Reimann et al. 2008) . In summary, mice were killed by cervical dislocation and the duodenum (10 cm distal to the stomach) was excised. Luminal contents were flushed thoroughly with PBS and the outer muscle layer removed. Tissue was minced and digested with Collagenase Type XI and the cell suspension plated onto Matrigel (BD Bioscience, Oxford, UK) precoated 24-well plates for GLP1 and GIP secretion experiments or on 35 mm glass bottomed dishes (MatTek Corporation, Ashland, MA, USA) for calcium imaging.
GLP1 and GIP secretion assay
Eighteen to 24 h after plating, cells were washed and incubated for 2 h with or without bombesin (100 nM) and glucose (10 mM). Test agents made up in saline buffer (in mM 138 NaCl, 4.5 KCl, 4.2 NaHCO 3 , 1.2 NaH 2 PO 4 , 2.6 CaCl 2 , 1.2 MgCl 2 , and 10 HEPES, pH adjusted to 7.4 with NaOH) supplemented with 0.1% BSA for 2 h at 37 8C. At the end of the 2-h incubation, supernatants were collected and centrifuged at 2000 g for 5 min and snap-frozen on dry ice. Cells were lysed with lysis buffer and centrifuged at 10 000 g for 10 min and snap-frozen. GLP1 and GIP concentrations were assayed in supernatant fractions and cell extracts from primary intestinal cultures using a total GLP1 assay (Meso Scale Discovery, Gaithersburg, MD, USA) and GIP Total ELISA kit (Millipore, Billerica, MA, USA) . Each test agent was tested in three or four wells per 24-well plate on four cultures independently established from one mouse each. Results were expressed as a percentage of the total hormone content (secretedClysate) per well. Hormone secretion was compared with baseline or between conditions by ANOVA with subsequent Bonferroni's test.
Transgenic mouse models
Transgenic mice were generated and bred in Cambridge with the approval of the Local Ethical Review Committee and in accordance with UK Home Office guidelines. K-and L-cells for transcriptomic analysis were purified from GIPVenus and GLU-Venus strains (Reimann et al. 2008 , Parker et al. 2009 ). For calcium imaging, transgenic mice were engineered to express the fluorescence-based calcium sensor GCaMP3 in either L-or K-cells. L-cell specificity was achieved by crossing the GLU-Cre strain with ROSA26-GCaMP3 .
To label K-cells, we generated a new mouse strain GIP-Cre. To express Cre-recombinase iCre (a kind gift from Rolf Sprengel) under the control of the gip promoter, we replaced the sequence between the gip start codon in exon 2 and stop codon in exon 6 in the murine-based bacterial artificial chromosome (BAC) RP24-298N3 (mouse based) (Children's Hospital Oakland Research Institute) by the iCre sequence using Red/ET recombination technology (GeneBridges). In summary, iCre sequence was amplified by PCR adding gip gene-specific 3 0 and 5 0 sequences and homologous recombination was achieved upon co-transforming an rpsLneo-modified BAC containing E. coli DH10B clone with the PCR product and the plasmid pSC101-BAD-gbaA, which provides the recombination enzymes (GeneBridges). Positive recombinants were isolated using appropriate antibiotic selection and characterised by PCR and restriction analysis. Identity and correct positioning of the introduced iCre sequence were confirmed by Sanger sequencing. BAC-DNA for microinjection was purified using the large-construct Maxi-Prep kit (Qiagen) and dissolved at w1-2 ng/ml in injection buffer containing (mmol/l) 10 Tris-HCl pH 7.5, 0.1 EDTA, 100 NaCl, 0.03 spermine and 0.07 spermidine. Pronuclear injection into ova derived from C57B6/CBA F1 parents and re-implantation of embryos into pseudo-pregnant females was performed by the Central Biomedical Services at Cambridge University. DNA of pups was isolated from ear clips by proteinase K digestion and screened for the transgene by PCR using primer pairs against gip, iCre, reporter genes and beta-catenin, which served as a DNA quality control. Mice were back-crossed into C57B6 for at least seven generations. We initially received three founders , all of which faithfully passed on the transgene (estimated transgene copy numbers were 1; 1 and 2) in a Mendelian fashion with no gender bias. mGIP-Cre-117 was used in all experiments, and is referred to hereon as GIP-Cre.
Flow cytometry
The upper small intestine (10 cm distal to the gastric pylorus) of GIP-Cre/ROSA26-RFP mice was stripped of the muscle layer and digested to single cells using 1 mg/ml collagenase XI in calcium free-Hanks' buffered salt solution. Cell suspensions were fixed using 4% paraformaldehyde in PBS for 15-30 min at room temperature, permeabilised with 0.1% v/v Triton X-100 for 30 min at room temperature, blocked with 10% goat serum in PBS for 30 min, and incubated with primary antibody (GLP; Santa Cruz; sc-13091; 1:200. GIP; antiserum #80867 from JJ Holst (Lindgren et al. 2011) ; 1:1000) in PBS-10% goat serum at room temperature for 3 h. Cells were rinsed !3 in PBS and then incubated with secondary antibody (Alexa-Fluor 488, Invitrogen; 1:300). After three washes with PBS, cells were analysed using a five-laser LSRFortessa analyser (BD Biosciences, San Jose, CA, USA) and FlowJo 7.6 software (Ashland, OR, USA). Events with very low side and forward scatter or with high pulse width were excluded to eliminate debris and cell aggregates. Presented mean data is the average from three to seven independent preparations, with each preparation derived from a different mouse.
Immunohistochemistry
Freshly dissected intestines from GIP-Cre/ROSA26-GCaMP3 mice (nZ3) were cleaned using PBS and dropped into 4% paraformaldehyde in PBS and left at 4 8C to fixate overnight. The intestines were dehydrated in 15 and 30% sucrose solutions and frozen in OCT embedding media (CellPath, UK). Cryostat-cut sections (10-12 mm) were mounted directly onto poly-lysine covered glass slides.
The sections were incubated with a blocking solution of PBS containing 10% donkey serum, 0.1% BSA and 0.05% Tween20 (VWR, Lutterworth, UK) for 1 h. Blocking solution was replaced with 10%-PBS serum solution with 0.1% BSA and primary antibodies (GIP; as used for flow cytometry. GFP; Abcam, Cambridge, UK; Ab5450; 1:1000) and left overnight. The following day, the slides were rinsed three times in PBS and incubated with a 10%-PBS serum solution containing secondary antibodies (Alexa-Fluor 488 and 555; Invitrogen; 1:300) and Hoechst diluted to 1:1300, for 1 h. The sections were rinsed three times in PBS to remove unconjugated antibodies. All slides were mounted with Prolong Gold (Life Technologies, Paisley, UK) prior to confocal microscopy on a Zeiss LSM510. Control slides were stained with secondary antibodies only.
Calcium imaging
Intracellular calcium concentrations were monitored from crypt cultures prepared from the duodenum of GLU-Cre/ROSA26-GCaMP3/ROSA26-tdRFP or GIP-Cre/ ROSA26-GCaMP3/ROSA26-tdRFP mice. K-and L-cells were identified by Red Fluorescent Protein (RFP) fluorescence and changes in intracellular calcium levels were represented by a change in the intensity of GCaMP3 fluorescence excited at 488G10 nM. Imaging was performed using an Olympus IX71 microscope with a 40! oil immersion objective, fitted with a monochromator (Cairn Research, Kent, UK) and OrcaER camera (Hamamatsu, Shizuoka, Japan). Images were acquired at 1 Hz and analysed, after background subtraction, using MetaFluor software (Molecular Devices, Sunnyvale, CA, USA). Solutions were perfused continuously at a rate of w1 ml/min and responses to test reagents were calculated by determining the mean intensity at 488 nm during perfusion of the test reagent divided by the average of the baseline 488 intensity taken before and after test reagent application. Test reagents were tested on 10-20 individual cells from four independent crypt cultures established from four GIP-Cre and four GLU-Cre mice respectively.
The perfused mouse intestine
Eight male C57BL/6J mice (10 weeks, purchased from Taconic, Denmark) were used for perfusion of the proximal intestine. The perfusion experiments conformed to international guidelines and were approved by the Animal Experiments Inspectorate, Ministry of Justice, Denmark. Animals were housed five animals to a each cage and kept on a ratio of 12 h light:12 h darkness cycle with free access to standard rat chow and water, and allowed to acclimatize for 1 week before use. The animals were anaesthetized with i.p. injection of ketamine/ xylazine (Ketamine 90 mg/kg (Ketaminol Vet.; MSD Animal Health, Madison, NJ, USA)CXylazine 10 mg/kg (Rompun Vet.; Bayer Animal Health, Leverkusen, Germany). A catheter (0.7 mm) was placed in the aorta for inflow of the perfusion medium and perfusion of the intestine via the superior mesenteric artery at a flow rate of 2.2 ml/min. The stomach, kidneys, spleen, colon and distal small intestine were tied off and removed to prevent perfusion, thus only the proximal small intestine was perfused (w10 cm). The venous effluent was collected in 1-min periods via a catheter (0.9 mm) inserted into the portal vein, now exclusively draining the perfused segment. The intestinal lumen was perfused with 37 8C saline at a flow rate of 0.04 ml/min.
The perfusion medium (a modified Krebs Ringer bicarbonate buffer containing, in addition, 0.1% BSA (Merck KGaA), 5% Dextran T-70 (Dextran Products Limited, Scarborough, Canada), 3.5 mmol/l glucose, and 5 mmol/l of each of pyruvate, fumarate, and glutamate) was gassed with a 95% O 2 /5% CO 2 mixture to achieve pH 7.3-7.4 and maintained at 37 8C during the experiment. Perfusion pressure remained relatively constant throughout each experiment (w50 mmHg). After the intestinal perfusion was established, the animals were exsanguinated and the intestine was allowed to stabilise for w30 min before the experiment was started. Test substances included bombesin (10 nM; Bachem), Neuromedin C (10 nM), forskolin (10 mM)CIBMX (10 mM), and KCl (70 mM) infused through a sidearm with a syringe infusion pump (0.11 ml/min) for 5-10 min followed by a resting period of 20 min. Chemicals were obtained from Sigma Aldrich, unless otherwise stated. For these experiments, GLP1 concentrations in perfusion effluent samples were measured using RIA (antiserum #89390 (Orskov et al. 1994) ) and GIP was measured with Millipore total rat GIP ELISA kit according to the manufacturer's instructions. Responses to a given stimulus were analysed by comparing the mean total outputs during the 5 min and the total output during the 5 min of infusion, using paired t-tests.
Single cell expression analysis
Single cell suspensions were prepared from the first 10 cm of the proximal small intestine from GLU-Venus or GIPVenus mice and separated into fluorescence-positive and fluorescence-negative pools of cells using fluorescenceactivated cell sorting (FACS) as described . The cells were sorted directly into lysis buffer (Ambion, Thermo Fisher Scientific,Waltham, MA, USA) and the RNA was purified using the RNAqueousMicro micro-scale RNA isolation kit (Ambion, Thermo Fisher Scientific,Waltham, MA, USA). cDNA was prepared using Superscript III (Invitrogen, Thermo Fisher Scientific,Waltham, MA, USA). The expression of 379 G protein-coupled receptors was tested using customdesigned 384 well qPCR plates from Lonza. Primer target sequences have been published before (Engelstoft et al. 2013) . A genomic DNA sample was used as a calibrator and relative copy numbers were calculated as described by Engelstoft et al. (2013) .
Results
Hormone secretion from primary cultures
We investigated the secretion of GLP1 and GIP from primary cultures of the upper small intestine (Fig. 1) . Cultures were incubated for 2 h in the presence and absence of glucose (10 mM) and bombesin (100 nM), and supernatants and cell extracts were then analysed for their contents of both GLP1 and GIP. Glucose-enhanced secretion of both GLP1 and GIP 2.5 fold (Fig. 1 ) compared with baseline. Bombesin further increased GLP1 release w2-2.5 fold in the absence of glucose, and w1.5 fold in the presence of glucose. GIP release was unaffected by bombesin under either condition.
Low overlap of L-and K-cells in transgenic mouse models
As the secretion results suggested that GIP and GLP1 secretion are regulated differentially, we generated a new transgenic mouse model GIP-Cre to label K-cells with fluorescent markers or reporters of intracellular signalling events (Fig. 2) . Upper small intestinal cell suspensions from GIP-Cre/ROSA26-tdRFP mice were immunostained for GIP and GLP, and analysed by flow cytometry to determine the cell specificity of K-cell labelling and the overlap between K-and L-cells. GIP staining was detected in O90% of tdRFP-labelled cells, confirming the K-cell specificity of Cre expression. The proportion of GIPstained cells that were labelled with the fluorescent reporter was w60% in this model, compared with w30% in GIP-Venus mice (Fig. 2) . Only w5% of tdRFP positive cells in GIP-Cre/ROSA26-tdRFP mice stained for GLP, indicating only a limited overlap of K-and L-cell populations.
Calcium responses in primary L-and K-cells
To monitor intracellular Ca 2C in identified primary upper small intestinal L-and K-cells, we crossed the ROSA26-GCaMP3 reporter mouse with either GLU-Cre (expressing cre recombinase under proglucagon promoter control) or GIP-Cre mouse strains. L-cells ( Fig. 3A and B) showed robust elevations of GCaMP3 fluorescence in response to 100 nM bombesin, 10 mM glucose and 70 mM KCl, indicative of an elevation of intracellular Ca 2C with all three stimuli, and consistent with previous reports that bombesin receptor 2 (BB 2 ; GRP-receptor) activation recruits G q proteins, triggering Ca 2C release from intracellular stores. K-cells ( Fig. 3C and D) exhibited good responses to glucose and KCl, but did not respond to bombesin, mirroring the absence of bombesin-triggered GIP secretion in both perfused intestine and primary cultures.
Hormone secretion from perfused mouse small intestine
We next investigated whether the secretion results from the primary cultures were mirrored in secretion studies performed on the perfused mouse small intestine (Fig. 4) . GLP1 secretion from the perfused proximal small intestine was significantly increased by vascular infusion of both bombesin (from 92G14 to 493G59 fmol/5 min; 5.7 fold; P!0.01) and neuromedin C (114G40 to 467G 7 fmol/5 min; 5.1 fold; P!0.05), as well as forskolinC IBMX (from 162G19 to 505G80 fmol/5 min; 3.1 fold; GLP1 and GIP secretion from primary murine duodenal cultures. Mixed epithelial cultures established from the top 10 cm of the small intestine in 24 well plates were incubated for 2 h with or without bombesin (BB; 100 nM) and glucose (Glc; 10 mM) as indicated. GLP1 (A) and GIP (B) contents of the supernatant and cell lysates were measured, and results calculated as a percentage of the hormone content (secreted plus intracellular) per well. Data are from four independent cultures established from one mouse each and represent the mean and S.E.M. of the number of wells indicated above each bar. *P!0.05, **P!0.01 and ***P!0.001 compared with baseline, or between conditions. P!0.05) and KCl (113G6 to 433G92 fmol/5 min; 4.0 fold; P!0.05). Secretion of GIP was increased by infusion of forskolinCIBMX (39G9 to 129G32 fmol/5 min; 3.6 fold; P!0.05) and KCl (77G2 to 249G62 fmol/5 min; 2.9 fold; P0.05) but no significant effect was observed after infusion of either bombesin (27G4 to 44G 4 fmol/5 min) or neuromedin C (87G21 to 118G 14 fmol/5 min) (Fig. 4) . 
Expression
GIP-venus and GLP1-venus positive cells were FACS-purified from single-cell preparations of mucosal cells generated from the proximal small intestine of transgenic GIP-venus (Parker et al. 2009) or GLU-venus reporter mice (Reimann et al. 2008) . cDNA from the purified cell populations was analysed for bombesin receptor expression by a qPCR array targeting 379 non-odorant 7TM receptors (Fig. 5) as previously reported (Panaro et al. 2014) . None of the three bombesin receptors was expressed above background levels in GIP cells (Fig. 5A) . In contrast, the BB 2 receptor was expressed in GLP1 cells -as the only one of the bombesin receptors (Fig. 5B) . Grpr mRNA was enriched 37-fold in the GLP1 cells compared to the surrounding epithelial cells.
Discussion
In this study, we tried to analyze more closely the relationship between the cells secreting the two incretin hormones GIP and GLP1, by investigating both co-localisation and co-secretion of the hormones. As already alluded to, the classical concept has it that the GIP-producing cells are located proximally and the GLP1-producing cells more distally, suggesting that GIP is the primary incretin, while GLP1 would function more as an 'ileal brake' hormone, providing a stop signal with respect to appetite and upper gastrointestinal function, as well as facilitating further deposition of already absorbed nutrients. However, the rapid postprandial increase in the plasma concentration of GLP1 generally parallels GIP responses (Knop et al. 2007 ). Both neural and endocrine mechanisms have been proposed to account for this (Plaisancie et al. 1994 , Rocca & Brubaker 1999 , Hansen & Holst 2002 , but a simpler explanation has now been provided with the demonstration that proximal L-cells are capable of providing similar responses to nutritional and other stimuli as those elicited from the distal small intestine (Svendsen et al. 2015) . In addition, there is strong evidence that the small intestinal cells may be more closely related and more promiscuous in terms of secretory products than hitherto believed, showing a high degree of co-expression of several gut hormones , Egerod et al. 2012 , Sykaras et al. 2014 .
In particular, the relationship between the GIP-and the GLP1-secreting cells has attracted interest, resulting in proposals that a 'K/L' cell type secreting both hormones might exist (Mortensen et al. 2003 , Theodorakis et al. 2006 . In this analysis, we examined the simultaneous secretion of GIP and GLP1 from the isolated upper small intestine from mice, using stimuli meant to engage different signalling pathways, namely i) depolarizing concentrations of potassium chloride, expected to cause an opening of calcium channels, thereby providing a secretory stimulus; ii) forskolin/IBMX providing a strong amplification of the cAMP system by stimulating adenylate cyclase and inhibiting cAMP degradation and iii) bombesin and neuromedin C, agents that via activation of Gq would increase intracellular calcium concentrations by mobilising intracellular depots in response to inositol trisphosphate (IP3) signalling (Snow et al. 1994) . In addition to studying the secretion of the hormones from the integrated but isolated endocrine organ, the gut, capable of responding in a manner identical to that expected in the intact animal in vivo, we were able to study the responses of primary cultured enteroendocrine cells with active promoters for either proGIP or proglucagon (i.e., GIP-and GLP1-producing cells) identified and isolated on the basis of this promoter activity. For the secretion experiments, we found it essential to study mice, since the studies regarding the 'promiscuity' of the gut endocrine cells and the primary cell studies were all performed in mice. This required the development of a procedure for isolating and perfusing the mouse upper small intestine, which turned out to be feasible on the basis of experience with the perfused rat small intestine (Svendsen et al. 2015) . Histological appearance of the perfused segments was completely normal, and measures of respiration and motility patterns all indicated a viable preparation. The findings indicated that GLP1 and GIP secretion were both stimulated by forskolin/IBMX promoting the cAMP pathways and by KCl depolarization. In contrast, neuromedin C and bombesin exclusively stimulated the secretion of GLP1. The patterns of secretion also showed differences -in response to KCl, the GLP1 response was short-lived, whereas the GIP response was more prolonged. In the isolated cells, glucose-stimulated secretion from both proglucagon-and proGIP-expressing cells, but bombesin enhanced secretion further only in the proglucagon cells. Our new mouse model, GIP-Cre, enabled us to reassess the overlap between K-and L-cells and to monitor calcium responses in primary living K-cells. FACS analysis confirmed previous findings from GLU-Venus and GIPVenus mice ) that only a small proportion (!10%) of K-cells stain positive for GLP1. Also by calcium imaging, it was clear that L-cells, but not K-cells, responded to bombesin, although both cell types exhibited similar responses to KCl and glucose. Finally, in the expression profiling studies on isolated cells, it was evident that while the BB 2 receptor, thought to be the main target for bombesin and neuromedin C (i.e., the C-terminal fragment of the neuropeptide, gastrin-releasing peptide) (Erspamer & Melchiorri 1976) , was highly enriched in proglucagonexpressing cells, whereas proGIP cells exhibited a very low expression level.
Taken together, these studies indicate that the secretion of GLP1 and GIP must derive from separate cell types that, probably among other things, at least can be distinguished by their differential expression of the BB 2 receptor. The results are consistent with the cell ablation studies that showed that knock-down of one of the two incretin-producing cell types with diphtheria toxin, although accompanied by reduced expression of several other gut hormones, did not influence the expression of the other hormone . The results are also consistent with recent studies in upper rat small intestine where immunohistochemical co-localisation of GLP1 and GIP was a rare phenomenon (Svendsen et al. 2015) . Therefore, in spite of many similarities in terms of localisation and function, the GIP cells and the GLP1 cells of the proximal gut of mice seem mainly to be separate entities. Our results imply that co-localisation does not invariably lead to cosecretion of the gut hormones. Rather, mechanisms for release must be characterised for each of the hormones separately.
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